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COMBUSTION TECHNOLOGY & THERMAL ANALYSIS
Instructor: Dr. Istadi
(http://tekim.undip.ac.id/staf/istadi )
Email: istadi@undip.ac.id
Instructor’s Background
 BEng. (1995): Universitas Diponegoro
 Meng. (2000): Institut Teknologi Bandung
 PhD. (2006): Universiti Teknologi Malaysia
 Specialization: 
 Catalyst Design for Energy Conversion
 Process Design for Energy Conversion
 Combustion Engineering
 Computational Fluid Dynamic (CFD)
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SYLLABUS
 1. Dasar-dasar Teknik Pembakaran (150’)
 2. Konsep Fundamental Kimia Sistem Pembakaran (2x150’)
 3. Konsep Perpindahan Panas dalam Sistem pembakaran
(150’)
 4. Flame Impingement (150’)
 5. Perancangan Sistem Burner (2x150’)
 6. Troubleshooting Sistem Pembakaran (150’)
 7. Bahan Bakar untuk Proses Pembakaran (2x150’)
 8. Permodelan Proses Pembakaran (2x150’)
 9. Pengendalian Proses Pembakaran (150’)
 10. Keselamatan Proses Dalam Sistem Pembakaran (2x150’)
 11. Sistem Flare di Teknologi Pembakaran (150’)
References:
 1. C. E. Baukal (Editors), 2001, THE JOHN ZINK 
COMBUSTION HANDBOOK, CRC Press, Florida.
 2.  C. E. Baukal, 2000, HEAT TRANSFER IN 
INDUSTRIAL COMBUSTION, CRC Press, Florida.
 3.  Eugene L. Keating, 2007, APPLIED  
COMBUSTION, CRC Press, Boca Raton.
 4. Fawzy El-Mahallawy, Saad El-Din Habik, 2002, 
FUNDAMENTALS AND TECHNOLOGY OF 
COMBUSTION, Elsevier B.V., Amsterdam.
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IMPORTANCE OF COMBUSTION IN INDUSTRY
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The major Combustion that included 
heat transfer were:
 Furnace design, heat and mixing patterns
 Heat recovery and energy efficiency of flares
 Recuperative burner for low heating value gases
 Impinging (pulsed) heat transfer
 Rich flames for higher thermal radiation
The following areas in 
experimentation need more research
 Fluid dynamic problems, including particle and 
velocity measurements in two-phase flows, turbulence 
measurements, and turbulence-particle interactions
 Diagnostic tool development, including diagnostics 
for two-phase flows, flow visualization, and 
improvements in velocity measurement, laser probes, 
and laser-based spectroscopic measurements
 Investigation into specific types of combustion 
problems where some of the latest diagnostic 
techniques have not been applied yet
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Temperature ranges of common industrial combustion applications
A number of research needs in industrial combustion, 
directly or indirectly concerning heat transfer:
 New furnace designs (heat transfer needed for the analysis)
 Cost-effective heat recovery processes
 Optimization of the emissivity of materials used in 
furnaces or burners
 Increased combustion intensity (heat release per unit of 
furnace volume)
 Adaptation of computational fluid dynamics models to 
design burners
 Development of new equipment and methods for heating 
and transferring heat
 Development of hybrid or other methods to increase heat 
transfer to loads
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Duck burner in large Duck
Front of a boiler burner
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Thermal oxidizer
PROCESS HEATERS: FIRED HEATERS
 Firing Furnace:
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PROCESS HEATERS: FIRED HEATERS
TYPICAL PROCESS HEATERS
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Major Refinery Processes Requiring a Fired Heater
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Major Fired Heater Applications in the Chemical Industry
Horizontal floor-fired burners
3/29/2010
11
Schematic of the major components in 
a combustion system
COMBUSTION SYSTEM COMPONENTS
 Burner and Oxidizer (mixing type?) (diffusion or 
premixed)
 Combustorload handling, heating type
 Heat Load  process tube, moving substrate
 Heat Recovery recuperator (integrated process); 
regenerator
 What will the fuel savings be (compared to no heat recuperation)?
 • What is the maximum allowable flue gas temperature?
 • How big is the heat exchanger?
 • What is the air pressure drop through the exchanger?
 How long will the exchanger run without plugging?
 • Is the flue gas path through the furnace altered?
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